Abstract
Introduction
The American Society of Anesthesiologists defines a difficult airway as "the clinical situation in which a conventionally trained anesthesiologist experiences difficulty with face mask ventilation of the upper airway, difficulty with tracheal intubation, or both". 1 Cattano et al estimate the incidence of difficult intubation in the adult population to be 1.2 to 3.8%, and difficult mask ventilation to be 0.01 to 0.5%. 2 Risk factors for difficult mask ventilation in the general population include: age >55; body mass index >26kg/m 2 ; beard; lack of teeth; and history of snoring. 3 Difficulty in intubation has been associated with a high Mallampati score and a short thyromental distance. 4 The incidence of anticipated difficult airways in a head and neck oncology practice is vastly higher than in other patients, and altered intubation algorithms are routinely used in this population. 5 The surgeon has a role in assessing the upper airway by preoperative laryngoscopy to detect lesions not implicated by routine anesthesiologist evaluation systems. Furthermore, a surgeon may contribute to the establishment of the airway in the presence of difficult head and neck pathologies. Despite this, there are few data in the surgical literature to guide the surgeon's contribution in managing the difficult airway due to head and neck pathology.
This study aims to examine the impact of surgical pathology, anesthesiologist experience, and airway technique on surgically relevant outcomes in patients identified by preoperative laryngoscopy to have a difficult airway due to head and neck pathology.
Patients and methods
Of 2,145 patients requiring direct laryngoscopy by the senior head and neck surgeon (WC) between November 1, 2005, and June 1, 2008, 152 were prospectively recorded as having a difficult airway due to head and neck pathology. A difficult airway was defined as having pathology likely to preclude safe mask ventilation, laryngeal visualization, or passage of the endotracheal tube. The majority were male (n = 110; 72.4%), and the mean age at surgery was 57.3 years (range: 17 to 88).
Most of the 152 patients had squamous cell carcinoma of the upper aerodigestive tract (n = 136; 89.5%); other pathology included subglottic stenosis (n = 10; 6.6%), bilateral vocal fold paralysis (n = 3; 2.0%), inflammatory masses (n = 2; 1.3%), and subglottic adenoid cystic carcinoma (n = 1; 0.7%). All but 1 (0.7%) patient underwent direct laryngoscopy (cancelled due to anesthesiologist airway concerns) and other associated procedures.
Intubation techniques included: gas induction with mask ventilation (no muscle relaxant given until safe mask ventilation confirmed and airway safely visualized) followed by routine laryngoscopy (n = 38; 25%); vessel dilator cricothyroidotomy (muscle relaxant given after dilator position confirmed) as described by Boyce et al 6 (n = 44; 28.9%); awake transnasal fiberoptic (n = 68; 44.7%); and awake tracheostomy (n = 2; 1.3%).
The intubation plan was determined by the anesthesiologist after discussion with the surgeon. Generally, gas induction was preferred if mask ventilation was anticipated to be safe. Dilator cricothyroidotomy was preferred if mask ventilation was anticipated to have a small risk of failure, either initially or after an intubation attempt. Awake fiberoptic intubation was used if mask ventilation was likely to be impossible once the patient was unconscious, and awake tracheostomy was used if intubation was unlikely to be anatomically possible.
Patient demographics, the clinical diagnosis, previous radiotherapy and/or chemotherapy, tumor characteristics, surgical details, pathology, the anesthesiologist, and initial and secondary intubation plans were recorded.
Two senior anesthesiologists were defined as "headand-neck-specialized" and supervised 101 (66.4%) of the 152 cases, with 51 (33.6%) supervised by 19 other anesthesiologists defined as "non-head-and-neck-specialized. " Each of these head-and-neck-specialized anesthesiologists has more than 20 years' experience, and each supervises 6 rooms for the Division of Otolaryngology per week, with an estimated 4 difficult airway cases per week. Cases were assigned to the anesthesiologist allocated to the room for the day with no attempt at randomization or selection based on the difficulty of the case. Tumor staging was performed based on the 6th edition of the American Joint Committee on Cancer's staging manual (2002) .
The primary clinically relevant outcome measures were:
• Difficulty with intubation: defined as >3 attempts at intubation or >10 minutes of attempting intubation without requiring a change of plan.
• Change of airway plan: defined as a change in intubation technique due to an inability to mask ventilate or intubate with the initially planned technique.
• Lowest recorded oxygen saturation during intubation attempts.
• Time from entry into the operating room to endotracheal intubation.
Statistical analysis was performed using the Statistical Package for Social Sciences software version 13.0 (SPSS, Inc.; Chicago). Significant associations were determined using a Fisher's exact chi-squared test for proportions and an independent t test for means.
The Institutional Review Board approved this project.
Results

Predictors of change in airway plan or difficulty with intubation.
Of the 152 cases in this highly select group, 127 (83.6%) had their airway plans carried out as intended; 17 (11.2%) encountered some difficulty (>3 attempts at intubation or >10 minutes of attempting it); and 8 (5.3%) required a change in plan (table 1) . Factors predictive of a change in airway plan included: nonspecialist anesthesiologist (p = 0.001) (figure) and a cancer diagnosis (p = 0.02). Patients with glottic or subglottic lesions required the most intubation attempts (p = 0.02).
Techniques used for failed airway plans. Two gas inductions failed. One of these patients was allowed to emerge, and the other was intubated by awake fiberoptic nasal endoscopy. Six awake transnasal fiberoptic intubations failed; 4 of these patients had gas inductions and were intubated by the surgeon's (WC) passing a bougie down the anterior commissure laryngoscope; 1 required awake tracheostomy, and 1 underwent dilator cricothyroidotomy. The procedure was able to be completed in all 6 of these patients.
Predictors of lowest oxygen saturation during intubation. The mean lowest O 2 saturation during intubation for all cases was 85.5%. The patients supervised by a specialist anesthesiologist had a significantly higher mean lowest O 2 saturation (87.3%) than those supervised by nonspecialists (81.8%; p = 0.02). No significant differences in lowest oxygen saturation during intubation were seen according to the tumor site except in 1 patient with T0N3 disease, who had a lowest saturation of 48% (p = 0.001) (table 2). Patients undergoing gas induction had a significantly higher minimum oxygen saturation than those undergoing dilator cricothyroidotomy (p = 0.01) (table 3).
Predictors of longer intubation times.
The mean time from entry into the operating room to intubation was 21.5 minutes (n = 151; range: 5 to 77 minutes). The mean time to intubation for specialist anesthesiologists was 3.3 minutes faster than for nonspecialists (p = 0.51). Awake tracheostomy took the longest (p = 0.006). Factors associated with a longer intubation time included: previous radiotherapy (p = 0.03) and a supraglottic lesion site (p = 0.03).
Discussion
The difficult airway resulting from head and neck pathology is a significant cause of deaths during general anesthesia. 7 This series represents one of the first attempts to prospectively identify factors associated with adverse intubation outcomes in patients with upper airway pathology.
Several factors were identified that help predict airway difficulty within this select subgroup, including: cancer diagnosis (p = 0.02), radiotherapy (p = 0.03), and supraglottic/glottic sites (p = 0.02). Conceivably, cancers are more likely to progress after imaging or clinic visits and are more likely to be friable and bleed, therefore necessitating a change in airway plan.
Radiotherapy restricts tissue mobility, may limit mouth opening, and often results in tissue edema. Supraglottic lesions may obstruct the view of the larynx, whereas the glottis is the narrowest point for passage of an endotracheal tube. These risk factors may be useful in airway planning in addition to existing algorithms. 
Figure. Graph shows the comparison of intubation difficulty and change in airway plan between head-and-neck specialist and nonspecialist anesthesiologists (152 cases).
No. of cases
Difficulties were certainly encountered with noncancer diagnoses (5 of 12 cases; 42%), but intubation was achieved in those cases without changing the airway plan.
This series emphasizes that difficult airways due to head and neck pathology require teamwork between the surgeon and anesthesiologist (both for assessment and if intubation fails) and stresses the need for a backup plan (used in 6%). Specialized head and neck anesthesiologists were associated with reduced adverse intubation outcomes in these difficult cases. Finally, awake tracheostomy (1.3% in this series) may be largely avoided by using techniques tailored to the upper airway pathology.
A variety of techniques are in use for the difficult airway due to head and neck pathology, and each has strengths and weaknesses. Awake transnasal fiberoptic intubation was frequently used in our series (in 68 of 152 cases; 45%); however, a change in airway plan was often required (8.8%), especially when the intubation was performed by a nonspecialist anesthesiologist.
This series supports the recommendation by Mason and Fielder that a second plan be available. 8 The 8 cases (6 with fiberoptic intubation) for which a second plan was required are instructive. The surgeon's familiarity with the anterior commissure scope and bougie was useful when distorting, bleeding, or obstructing upper airway pathology was present.
This series highlights the safety of gas inductions (used in 38 cases; 25%); they were the most time-efficient and maintained the best minimum oxygen saturation (p = 0.01). It should be noted, however, that gas inductions are selectively used when patients are preoperatively evaluated to have a noncollapsing lesion that is unlikely to prevent mask ventilation (although intubation may be difficult). Even though gas induction was used in an unexpected "cannot ventilate, cannot intubate" patient who was safely allowed to emerge, we would not recommend its use in patients who are likely to be difficult to ventilate.
Dilator cricothyroidotomy as described by Boyce et al 6 was used in 44 (29%) patients in this series. Our institutional observation has been that this technique is extremely quick, safe, and effective when done by an experienced operator (none failed in this series), and quite the opposite in the unsupervised novice's hands. This may explain the lack of general uptake at other institutions. For example, a survey of 971 Canadian anesthesiologists found that 18% had used cricothyroidotomy in practice (mostly using intravenous needles), and only 60% described themselves as comfortable with its use. 9 There are many reasons that a surgeon may prefer to avoid awake tracheostomy in the patient with a difficult airway caused by head and neck pathology. Complications related to obstruction or displacement of the tube, traumatic injuries (causing tracheoesophageal fistula or tracheal stenosis), or inadvertent entry into the tumor (stomal recurrence risk) may be more likely in a less controlled, awake setting. 10 Although awake tracheostomy is an important rescue technique for the patient with severe airway compromise, this series demonstrates that it may be largely avoided, and instead the patient may be placed under general anesthesia once an airway management plan has been chosen. This is clearly the preferred situation for the head and neck oncology surgeon.
Most head and neck surgeons develop a close relationship with a head and neck anesthesiologist and observe consistently superior intubation outcomes. 5 However, this series represents one of the first reports to support this finding with prospective data. Two specialist head and neck anesthesiologists performed 66% of cases in this series and intubated patients an average of 3.3 minutes faster (p = 0.5), with a better average minimum oxygen saturation (p = 0.02) and less change of airway plans required (p = 0.001). Where possible, and without compromising training and the need to maintain difficult airway competence among the general anesthesiology staff, such specialization should be supported. However, because of the highly selected population studied, the findings of improved outcomes with specialist anesthesiologists cannot be generalized to the non-head-and-neck population or to nondifficult airway cases.
Conclusions that can be drawn from these data are somewhat limited. The choice of intubation technique was determined by discussion between the surgeon and anesthesiologist after preoperative evaluation with laryngoscopy. As such, intubation techniques are not compared on like cases. Nevertheless, these prospectively collected data provide important information about patients who are more likely to have adverse outcomes using current protocols.
In conclusion, patients with a cancer diagnosis, especially those with previously irradiated tumors of the supraglottis and glottis, should be anticipated to have a higher risk of adverse intubation outcomes. The awake transnasal fiberoptic, gas induction, and dilator cricothyroidotomy techniques are safe and effective in such cases and allow awake tracheostomy to be reserved for a select few. Preparations for a second airway plan should always be made and may include the surgeon's intervention, such as bougie placement via the anterior commissure scope or tracheostomy. A head and neck anesthesiologist improves intubation outcomes in these difficult cases.
